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S U M M A R Y
Background: Reactivation of cytomegalovirus (CMV) and human herpesvirus 6 (HHV-6), as well as the
recurrence of hepatitis C virus (HCV), occurs in the post liver transplantation period. However, their
correlations remain questionable. The objectives of this study were to analyze the presence of CMV DNA
and HHV-6 DNA in pre-transplant and post-transplant liver graft biopsies and to determine any
correlations with CMV disease and HCV recurrence.
Methods: Forty-one liver transplant recipients were followed up in the post-transplant period. The
presence of CMV DNA and HHV-6 DNA was detected by nested PCR.
Results: Four patients (4/41, 9.8%) were positive for CMV DNA in pre-transplant biopsies and three of
them remained positive after transplantation; 11 patients became positive in the post-transplant
biopsies (p = 0.06). Fifteen (15/41, 36.6%) patients were positive for HHV-6 DNA in pre-transplant
biopsies and 11 of these remained positive after transplantation. Another 11 patients became positive
after the surgery (p = 0.05). CMV disease occurred in 17 recipients; 10 of these 17 (58.8%) patients were
positive for HHV-6 DNA in pre-transplant biopsies and they continued positive after transplantation
(p = 0.0128). Twenty-eight patients were transplanted due to hepatitis C; 12 of these patients had
recurrence of the virus, and HHV-6 was positive in nine of the 12 (75%) patients (p = 0.049).
Conclusions: Recipients with HHV-6 DNA in pre-transplant graft biopsies remained positive post
transplantation, showing a possible risk for post-transplant allograft loss because there was an
association between HHV-6 and recurrent HCV and CMV disease.
 2011 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Herpesvirus reactivation is a common occurrence after liver
transplantation, and cytomegalovirus (CMV) and human herpes-
virus 6 (HHV-6) infections cause severe diseases in these
recipients.1 Seronegative recipients of liver allografts from CMV-
seropositive donors are at risk of CMV disease. Secondary infection
by reactivation or superinfection may also lead to CMV disease
during immunosuppression,2 and HHV-6 reactivates from latency
during the ﬁrst post-transplant months, often together with CMV
infection.3,4
These viruses are classiﬁed in the B-herpesvirus family.
Infection occurs in childhood and then subsequently results in* Corresponding author. Tel.: +55 19 3521 8582; fax: +55 19 3289 1577.
E-mail addresses: ilkaboin@yahoo.com, carolguardia@yahoo.com.br
(I.d.F.S.F. Boin).
1201-9712/$36.00 – see front matter  2011 International Society for Infectious Disea
doi:10.1016/j.ijid.2011.10.008life-long latency, such that the seroprevalence rate in adults is over
90%.5,6 Therefore, in adult solid organ transplant recipients,
reactivation of endogenous latent viruses seems to occur very
frequently, with reported infection rates of 30–50%.7,8 Both viruses
can cause several human diseases either as a consequence of
reinfection or reactivation of latent infection.9,10 CMV is reacti-
vated during periods of stress and cytokine release, which happens
in liver transplant recipients, wherein the pharmacologic-induced
impairment of the immune response to ‘endogenously reactivated’
or ‘allograft-transmitted’ CMV leads to febrile and tissue invasive
diseases.11,12 HHV-6 reactivation and infections after liver
transplantation are asymptomatic, although the risk factors are
not completely deﬁned. Nonetheless, clinical syndromes have been
associated with HHV-6 infection after liver transplantation, and
these have been classiﬁed either as direct or indirect effects,13 so
HHV-6 may cause clinically relevant indirect effects such as CMV
disease and early ﬁbrosis caused by the recurrence of hepatitis C
virus (HCV).6,7,14ses. Published by Elsevier Ltd. All rights reserved.
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liver transplantation.15 The recurrence of the disease after
transplantation is universal and many factors have been associated
with it, including CMV infection.16 The interaction between
herpesviruses and HCV has been proposed to be clinically
important in HCV-infected liver transplant recipients,17 including
more severe forms of HCV recurrence. Patients with HCV infection
have been shown to be more susceptible to infections that are
associated with defects in cell-mediated immunity, such as CMV
and fungal infections.11,18–21
Our study analyzed the presence of CMV DNA and HHV-6 DNA
in liver biopsies from the donor patients collected at bench surgery
and from the post-transplanted period, and correlated these
viruses with the occurrence of CMV disease and HCV recurrence.
2. Patients and methods
During the period January 2005 to December 2007, a total of
41 liver transplant patients, transplanted at the Liver Transplant
Unit, Clinical Hospital of the State University in Campinas
(Unicamp), were enrolled in this study. This was an observa-
tional, analytic, longitudinal cohort and prospective study. The
following patients were excluded from the study: children and
cases of fulminant hepatitis, retransplantation, or death occur-
ring during the ﬁrst month after transplantation. The 41 patients
who were enrolled met the following inclusion criteria: (1)
survival in the post-transplantation period for >1 month; (2)
indication for at least one liver biopsy post transplantation; (3)
sufﬁcient liver biopsy samples for DNA virus analysis by nested
PCR method.
The ﬁrst liver biopsy was collected from the organ at the bench
before transplantation (pre-transplant graft biopsy). The other
liver biopsies (post-transplant graft biopsies) were collected
during the 6-month period after transplantation and when
clinically indicated (due to elevated liver enzyme levels). All
samples were formalin-ﬁxed and parafﬁn-embedded until the
moment of analysis. They were analyzed by nested PCR for CMV
DNA and HHV-6 DNA. Liver biopsies were also monitored for
recurrent HCV.
All patients included in this study had been given prophylaxis
for herpes simplex infection with 200 mg of acyclovir twice a day
for 60 days. The patients with CMV disease were treated
intravenously with ganciclovir 5 mg/kg twice a day for 2 weeks.
All recipients and donors had positivity for CMV IgG before
transplantation and there was no serology for HHV-6 before
transplantation.
All patients underwent standard immunosuppressive therapy
based on calcineurin inhibitors: cyclosporine A (CyA; 4–8 mg/kg)
and FK506 (0.1 mg/kg) and steroids until the 180th day after the
transplant, with tapering and withdrawal. The initial CyA blood
level was 200–400 ng/ml in the ﬁrst 3 months and then 150–250
ng/ml for a further month. The FK506 blood level used was 8–
12 ng/ml in the ﬁrst 3 months and 5–10 ng/ml for a further month.
2.1. Clinical deﬁnitions
Hepatitis C recurrence and disease severity were classiﬁed with
a METAVIR score.22 All HCV liver transplant patients had HCV RNA
detected in the serum by conventional molecular methods prior to
liver transplantation.23–25 We analyzed the presence of CMV DNA
and HHV-6 DNA in the same biopsies that were diagnosed with the
recurrence of HCV after transplantation.
CMV disease was deﬁned according to previously published
criteria9 and required the presence of clinical symptoms accom-
panied by the detection or isolation of CMV in blood by virological
tests and/or histological detection in a biopsy specimen.2.2. Molecular tissue testing
Viral DNA was extracted from the liver biopsies using the
Qiagen Tissue Kit (Biotecnologia Brasil, SP, Brazil) in accordance
with the manufacturer’s instructions, with some modiﬁcations
performed in our service, and ﬁnal elution volumes of 30 ml.
2.3. CMV and HHV-6 nested PCR ampliﬁcation
Five microliters of extracted DNA were used for the nested PCR
for CMV and HHV-6 using a mixture containing speciﬁc primers for
CMV (CMV primers; Invitrogen, Sa˜o Paulo, Brazil), by the technique
previously described, with some modiﬁcations,26,27 and speciﬁc
primers for HHV-6 (HHV-6 primers; Invitrogen, Sa˜o Paulo, Brazil),
by the technique previously described, with some modiﬁcations.28
The ampliﬁcations were carried out on a Peltier Thermal Cycler
(MJ Research, Waltham, MA, USA). The nested PCR product was
analyzed under UV light after electrophoresis in agarose gel (Gibco-
BRL Life Technology, Carlsbad, CA, USA) in Tris–ethylenediaminete-
traacetic acid buffer (TEB) stained with ethidium bromide.
All primer sequences and PCR products were analyzed using the
GenBank database before initiating the study. PCR with primers for
beta-globin gene ampliﬁcation was performed on the samples to
detect possible false-negative results, which were not included in
this study.29
2.4. Statistical analysis
The variables were compared with non-parametric tests
(Gamma correlation and Chi-square test or Fisher’s exact test).
For all tests, p < 0.05 was considered statistically signiﬁcant.
This study was approved by the Institutional Ethics Committee
of the Faculty of Medical Sciences, Unicamp (CEP number 030/
2006).
3. Results
Forty-one transplant recipients were studied (32 men and nine
women), with a median age of 48 (range 18–67) years. The main
indication for the transplant was HCV (16 patients); other
indications were HCV and alcohol in 12, cryptogenic cirrhosis in
two, Wilson’s disease in one, alcoholic liver disease in three,
autoimmune hepatitis in two, primary biliary cirrhosis in one,
primary sclerosing cholangitis in one, and hepatitis due to the
hepatitis B virus in three.
3.1. CMV DNA and HHV-6 DNA in liver biopsies
Four patients (9.8%) were positive for CMV DNA in pre-
transplant graft biopsies. After transplantation three of them
remained positive in the post-transplant graft biopsies. From the
37 negative (pre-transplant graft biopsies) only 11 became positive
(Table 1) in post-transplant graft biopsies (p = 0.06; Fisher’s exact
test; Table 2).
Fifteen patients (36.6%) were positive for HHV-6 DNA in pre-
transplant graft biopsies, and 11 of these patients remained positive
in post-transplant graft biopsies. Of the 26 negative patients, 11
became positive (Table 1) for this virus after the transplantation. The
patients who were positive for HHV-6 DNA in the pre-transplant
graft biopsy had a tendency (p = 0.05; Fisher’s exact test; Table 2) to
remain positive in the post-transplant graft biopsies.
3.2. Herpesvirus infection and CMV disease
CMV disease occurred in 17 of the 41 liver transplantation
patients (41.5%), and they were treated with ganciclovir. Two of
Table 1













3e Negative Positive Negative Positive Positive Positive F1A2
6e Negative Positive Positive Positive Negative Positive F2A3
12e Negative Positive Negative Positive Positive Positive F3A2
17e Negative Positive Negative Positive Positive Positive F2A2
18e Negative Positive Positive Positive Positive Positive F1A1
20e Negative Negative Negative Positive Positive Positive F3A3
26e Negative Negative Positive Positive Negative Positive F2A2
31e Negative Negative Positive Positive Negative Positive F1A1
40e Negative Positive Negative Positive Negative Positive F1A3
11e Negative Negative Negative Negative Positive Positive F2A3
28e Negative Negative Negative Negative Negative Positive F1A2
1e Negative Positive Negative Negative Negative Positive F1A1
2e Positive Positive Positive Positive Negative Negative -
5e Negative Negative Negative Negative Negative Negative -
7e Negative Negative Positive Positive Negative Negative -
9e Negative Negative Positive Positive Positive Negative -
10e Negative Negative Negative Negative Negative Negative -
14e Negative Positive Positive Positive Positive Negative -
15e Negative Negative Negative Negative Negative Negative -
16e Negative Negative Negative Negative Negative Negative -
19e Positive Positive Positive Positive Negative Negative -
21e Negative Negative Negative Negative Negative Negative -
25e Negative Negative Negative Negative Negative Negative -
29e Negative Negative Negative Negative Negative Negative -
32e Negative Negative Negative Negative Negative Negative -
35e Negative Negative Positive Positive Positive Negative -
36e Negative Negative Negative Negative Negative Negative -
38e Positive Positive Negative Negative Positive Negative -
8 Negative Positive Positive Positive Positive Negative -
13 Negative Positive Positive Positive Positive Negative -
24 Positive Negative Positive Negative Positive Negative -
33 Negative Negative Negative Negative Positive Negative -
34 Negative Positive Negative Negative Positive Negative -
39 Negative Negative Negative Positive Positive Negative -
41 Negative Positive Negative Negative Positive Negative -
4 Negative Negative Negative Positive Negative Negative -
22 Negative Negative Negative Positive Negative Negative -
23 Negative Negative Negative Positive Negative Negative -
30 Negative Negative Positive Positive Negative Negative -
27 Negative Negative Negative Negative Negative Negative -
37 Negative Negative Negative Negative Negative Negative -
CMV, cytomegalovirus; HHV-6, human herpesvirus 6; HCV, hepatitis C virus.
a Pre-transplant graft biopsy: at the bench procedure.
b Post-transplant graft biopsy: after the transplantation, when clinically indicated according to the liver team.
c CMV disease: clinical disease treated with ganciclovir.
d HCV recurrence: recurrence of hepatitis C virus after transplantation.
e Patients were transplanted due to hepatitis C.
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and one remained positive in the post-transplant graft biopsy.
From the 15 negative patients, six became positive after
transplantation (Table 1). We found no signiﬁcant difference in
the presence of CMV DNA in pre-transplant graft biopsies and post-
transplant graft biopsies for the patients who had CMV disease
(Table 3).Table 2
CMV DNA and HHV-6 DNA monitoring observed in pre-transplant graft biopsies and p
CMV DNA (n = 41) 
Pre-transplanta Post-transplantb
4 Positive 3 Positive 
1 Negative 
37 Negative 11 Positive 
26 Negative 
Fisher’s exact test p = 0.06 
CMV, cytomegalovirus; HHV-6, human herpesvirus 6.
a Pre-transplant graft biopsy: at the bench procedure.
b Post-transplant graft biopsy: after the transplantation, when clinically indicated acTen of the 17 patients who had CMV disease were positive in
pre-transplant graft biopsies for HHV-6 DNA, of whom seven
continued positive after transplantation. From the seven negative
in pre-transplant graft biopsies, four became positive in post-
transplant graft biopsies (Table 1 and Table 3). This comparison
showed a higher CMV disease prevalence among patients who
were positive for HHV-6 DNA than among patients who wereost-transplant graft biopsies
HHV-6 DNA (n = 41)
Pre-transplanta Post-transplantb
15 Positive 11 Positive
4 Negative
26 Negative 11 Positive
15 Negative
Fisher’s exact test p = 0.05
cording to the liver team.
Table 3
Comparison of CMV DNA and HHV-6 DNA positivity observed among patients with CMV disease after liver transplantation (n = 17/41)
CMV DNA (n = 17/41) HHV-6 DNA (n = 17/41)
Pre-transplanta Post-transplantb Pre-transplanta Post-transplantb
2 Positive 1 Positive 10 Positive 7 Positive
1 Negative 3 Negative
Fisher’s exact test p = 1.0000 Chi-square, p = 0.0128c
15 Negative 6 Positive 7 Negative 4 Positive
9 Negative 3 Negative
Chi-square, p = 0.4243 Chi-square, p = 0.2325
CMV, cytomegalovirus; HHV-6, human herpesvirus 6.
a Pre-transplant graft biopsy: at the bench procedure.
b Post-transplant graft biopsy: after the transplantation, when clinically indicated according to the liver team.
c Statistically signiﬁcant.
Table 4
Comparison of CMV DNA and HHV-6 DNA post-transplanta positivity among
patients with recurrent hepatitis C virus
HCV hepatitis liver recipients (n = 28)








Fisher’s exact test p = 0.049b
CMV, cytomegalovirus; HHV-6, human herpesvirus 6; HCV, hepatitis C virus.
a Post-transplant graft biopsy: after the transplantation, when clinically
indicated according to the liver team.
b Statistically signiﬁcant.
A.C. Guardia et al. / International Journal of Infectious Diseases 16 (2012) e124–e129 e127negative for HHV-6 DNA in pre-transplant graft biopsies
(p = 0.013; Chi-square test).
Twenty-four recipients did not have CMV disease and just ﬁve
were positive in pre-transplant graft biopsies for HHV-6 DNA.
3.3. Herpesvirus infection and recurrent hepatitis C
In our study 28 (68.3%) of the patients were transplanted due to
hepatitis C, and 12 (42.9%) of them had recurrence of the virus after
the transplant. A METAVIR score was applied to all patients with
HCV recurrence (Table 1).
We observed that four of the 12 (33.3%) patients with
recurrence had CMV DNA positivity in post-transplant graft
biopsies; we did not verify any correlation between the presence
of CMV DNA in post-transplant graft biopsies and the same
biopsies with HCV recurrence (p = 1.00; Fisher’s exact test; Table
4).
When we analyzed the correlation between the presence of
HHV-6 DNA in post-transplant graft biopsies and HCV recurrence,
we found nine of the 12 (75%) recipients to be positive in post-
transplant graft biopsies, and six of the nine had already been
positive in pre-transplant graft biopsies (Table 1). After the
statistical analyses we observed that the nine patients who were
positive for the HHV-6 DNA developed more HCV recurrence
(p = 0.049; Fisher’s exact test; Table 4).
4. Discussion
Some previous studies have suggested that CMV and HHV-6
infections are frequent in liver transplant recipients in our Liver
Transplant Unit (Unicamp).8,30,31 CMV, HHV-6, and HHV-7
infections are common after liver transplantation, and the
interaction of these viruses can increase their pathogeniceffects.32,33 Overall, the incidence of HHV-6 infection after liver
transplantation reported in the literature varies from 14% to 82%.32
Thomasini et al. detected 65% positivity for CMV DNA in blood
samples from liver transplanted patients by nested PCR.33
In our study, the presence of CMV DNA was observed in 9.8%
and the presence of HHV-6 DNA in 36.6% of pre-transplant graft
biopsies. We could ﬁnd no published data to conﬁrm these data
and no similar data, but it is known that these viruses can have an
incidence over 80% (serologic status) in the human population.17,34
The same results were obtained by Costa in Brazil.35 This is an
important factor because the herpesviruses can establish a latent
infection for the lifetime of the host and reactivate later.36
A recent study carried out in patients who underwent liver
transplantation at the Hospital de Clinicas, State University of
Campinas (Unicamp) showed CMV positivity (IgG) in 94.7% of
patients before transplantation. They related the importance of
serological investigations and diagnostic examinations before the
transplantation procedure, seeking to minimize possible reactiva-
tion of the disease after the use of immunosuppressive drugs,
particularly in the ﬁrst 6 months after transplantation, or even to
avoid a primary infection.37
In our study, most biopsies remained positive after transplanta-
tion showing us that the presence of CMV DNA and HHV-6 DNA in
pre-transplant graft biopsies had a tendency to remain positive after
the transplantation. The literature on tissue viral load is mostly
limited to CMV and HHV-6, especially in relation to biopsies pre and
post transplantation. However, in a study by Sebekova´ et al., in
which herpesviruses were detected in the allograft biopsies by PCR,
the HHV-6 DNA was the most commonly found. A qualitative tissue
PCR may also detect latent or chromosomally integrated HHV-6
sequences, not necessarily an indicator of active infection, but
positive intragraft HHV-6 antigens represent protein synthesis
suggesting that HHV-6 may persist in the allograft in a manner
similar to its close relative CMV.4,38,39 This conﬁrms previous
studies, in which patients with pre-transplant HHV-6 evidence also
showed HHV-6 antigens in the post-transplant biopsies.40
Molecular assays are the most commonly used laboratory
methods to detect herpesvirus reactivation and replication after
transplantation. Both quantitative and qualitative methods have
been developed to detect CMV DNA and HHV-6 DNA in blood
samples, biopsy and tissue specimens. The polymerase chain
reaction allows for ampliﬁcation of regions of the genome to be
studied from small amounts of DNA and is therefore a method of
choice for use in tissues ﬁxed in formalin and embedded in
parafﬁn.41 Research in older tissue samples preserved in parafﬁn
requires the use of primers that generate products with fewer base
pairs.42
Seventeen (41.5%) of our 41 recipients developed the CMV
disease. Although it is estimated that 25% of all liver transplant
recipients will develop CMV disease32 because of the lack of a pre-
existing CMV-speciﬁc immunity, CMV-seronegative recipients of a
A.C. Guardia et al. / International Journal of Infectious Diseases 16 (2012) e124–e129e128liver allograft from CMV-seropositive donors (CMV D + /R) are at
the highest risk of CMV disease and its complications.43,44
However, all patients had CMV IgG positive serology in the pre-
transplant period and none had a serological status for HHV-6.
Ten of the 17 recipients who had CMV disease showed HHV-6
DNA in pre-transplant graft biopsies and they continued positive
after transplantation, although the CMV DNA in pre-transplant
graft biopsies did not have a signiﬁcant relationship with CMV
disease.
Fitzgerald et al. demonstrated that the CMV serologic status of
the donor and recipient are the most important factors in
determining the development of severe CMV disease and
consequently the downstream effect on the transplanted organ.45
There was a statistically signiﬁcant difference in the presence of
HHV-6 DNA in pre-transplant graft biopsies between recipients
who showed and did not show CMV disease after liver
transplantation (p < 0.0128). This indicates that a pre-transplant
HHV-6 infection may be a risk factor for CMV after transplantation.
This is because the indirect effects attributed to HHV-6 include an
exacerbation of CMV disease, an increased severity of HCV
recurrence, and an increased risk of other opportunistic infections,
allograft dysfunction, and acute cellular rejection. It is very
common to have a high prevalence of this virus in the population,
but its presence and replication in the tissue can be intensiﬁed
after transplantation and increase its replication.17,19,46–48
Most of our patients had an indication for liver transplant due to
liver cirrhosis caused by HCV. The recurrence of hepatitis C
occurred in 12 of the 28 (42.9%) recipients; nine of 12 (75%)
showed HHV-6 DNA in post-transplant graft biopsies and six of
these were positive in pre-transplant graft biopsies. Thirty-three
percent were positive for CMV DNA in post-transplant graft
biopsies.
The recurrence of HCV is nearly universal and leads to chronic
hepatitis in 20–40% of recipients after liver transplantation.49
Also, an interaction between herpesvirus and HCV has been
proposed to be clinically important in HCV-infected liver
transplant recipients.9,24,25
Our results demonstrated that the presence of HHV-6 DNA in
patients who developed HCV recurrence was signiﬁcant
(p = 0.049), differing from those patients who did not have
HHV-6 DNA in their post-transplant graft biopsies; this showed
that these viruses may facilitate HCV recurrence. Previous studies
have shown that CMV and HHV-6 have immunomodulatory
effects, and have suggested more rapid progression of HCV in liver
transplant recipients co-infected with this virus.9,24,25,50 Never-
theless, in our study the incidence of CMV DNA was not signiﬁcant
when compared to the HCV recurrence after liver transplantation,
and there was also no association with ﬁbrosis score (p = 0.4).
In another study involving 66 liver transplantation patients
with HCV infection, no correlation was observed between HHV-6,
CMV, and HCV viral loads, although more severe degrees of ﬁbrosis
and hepatitis were seen in patients with CMV disease and HHV-6
infection.17 Given our small recurrence group, it was perhaps not
possible to identify an association with the ﬁbrosis score.
We found that most of our patients with recurrence had HHV-6
DNA. This was also found in the study by Singh et al., which
reported that HCV-positive patients who developed HHV-6
viremia after liver transplantation had an earlier recurrence and
a higher ﬁbrosis score upon hepatitis C recurrence when compared
to patients without viremia.19 However, our study showed that
HHV-6 DNA was already present in pre-transplant graft biopsies.
Chronic HCV infection does not appear to cause herpesvirus
reactivation or replication, reinforcing the hypothesis of previous
studies that herpesvirus infections bring about HCV replication,
accelerating the progression of liver disease due to HCV.51
Although there is no deﬁnitive evidence that HHV-6 is involvedin direct clinical manifestations after liver transplantation,
associations with indirect effects previously attributed to it have
been demonstrated.52
In summary, most of the recipients with HHV-6 DNA in pre-
transplant graft biopsies remained positive after transplantation,
showing a possible risk for post-transplant allograft loss, because
there was an association between HHV-6 and recurrent HCV and
CMV disease. However, further studies are necessary to clarify
these data, especially HHV-6 infection in donor samples, which are
well known to have a negative impact on transplant outcome. This
issue is under investigation by our group.
Acknowledgements
We thank Sergio P. Magalha˜es (State University of Campinas,
Brazil) for help in cutting the biopsies and thank all members of the
Diagnosis of Molecular Infection Disease Laboratory, State
University of Campinas, Sa˜o Paulo, Brazil. This study was funded
by Capes-Brazil. This study was approved by the Institutional
Ethics Committee of the Faculty of Medical Sciences, Unicamp (CEP
number 030/2006).
Conﬂict of interest: No conﬂicts of interest to declare.
References
1. Kusne S, Blair JE. Viral and fungal infections after liver transplantation—part II.
Liver Transpl 2006;12:2–11.
2. Singh N, Wannstedt C, Keyes L, Wagener MM, de Vera M, Cacciarelli TV, et al.
Impact of evolving trends in recipients and donor characteristics on cytomega-
lovirus infection in liver transplant recipients. Transplantation 2004;77:106–10.
3. Lautenschlager I, Lappalainen M, Linnavuori K, Suni J, Ho¨ckerstedt K. CMV
infection is usually associated with concurrent HHV-6 and HHV-7 antigenemia
in liver transplant patients. J Clin Virol 2002;25(Suppl 2):S57–61.
4. Helantera¨ I, Loginov R, Koskinen P, Lautenschlager I. Demonstration of HHV-6
antigens in biopsies of kidney transplant recipients with cytomegalovirus
infection. Transpl Int 2008;21:980–4.
5. Cervera C, Marcos MA, Linares L, Roig E, Benito N, Pumarola T, et al. A
prospective survey of human herpesvirus-6 primary infection in solid organ
transplant recipients. Transplantation 2006;82:979–82.
6. Yamanishi K. Human herpesvirus 6 and human herpesvirus 7. In: Knipe DM,
Howley PM, Grifﬁn BE, Lamb RA, Martin MA, Roizman, Straus SE, editors. Fields
virology. Philadelphia, PA: Lippincott Williams and Wilkins; 2001. p. 2785–801.
7. Razonable RR, Brown RA, Humar A, Covington E, Alecock E, Paya CV, et al.
Herpesvirus infections in solid organ transplant patients at high risk of primary
cytomegalovirus disease. J Infect Dis 2005;192:1331–9.
8. Sampaio AM, Thomasini RL, Guardia AC, Stucchi RS, Rossi CL, Costa SC, et al.
Cytomegalovirus, human herpesvirus-6, and human herpesvirus-7 in adult
liver transplant recipients: diagnosis based on antigenemia. Transplant Proc
2011;43:1357–9.
9. Ljungman P, Grifﬁths P, Paya C. Deﬁnitions of cytomegalovirus infection and
disease in transplant recipients. Clin Infect Dis 2002;34:1094–7.
10. Kotton CN, Kumar D, Caliendo AM, Asberg A, Chou S, Snydman DR, et al.
Transplantation Society International CMV Consensus Group. International
consensus guidelines on the management of cytomegalovirus in solid organ
transplantation. Transplantation 2010;89:779–95.
11. Razonable RR, Emery VC. Management of CMV infection and disease in trans-
plant patients. Herpes 2004;11:77–86.
12. Razonable RR, Paya CV. Herpesvirus infections in transplant recipients: current
challenges in the clinical management of cytomegalovirus and Epstein–Barr
virus infections. Herpes 2003;10:60–5.
13. Razonable RR, Lautenschlager I. Impact of human herpes virus 6 in liver
transplantation. World J Hepatol 2010;2:345–53.
14. Razonable RR, Zerr DM. HHV-6, HHV-7 and HHV-8 in solid organ transplant
recipients. AST Infectious Diseases Community of Practice. Am J Transplant
2009;4:97–100.
15. Bizollon T, Ducerf C, Trepo C, Mutimer D. Hepatitis C virus recurrence after liver
transplantation. Gut 1999;44:575–8.
16. Burak KW, Kremers WK, Batts KP, Wiesner RH, Rosen CB, Razonable RR, et al.
Impact of cytomegalovirus infection, year of transplantation, and donor age on
outcomes after liver transplantation for hepatitis C. Liver Transpl 2002;8:362–9.
17. Humar A, Kumar D, Raboud J, Caliendo AM, Moussa G, Levy G, et al. Interactions
between cytomegalovirus, human herpesvirus-6, and the recurrence of hepa-
titis C after liver transplantation. Am J Transplant 2002;2:461–6.
18. Razonable RR, Burak KW, van Cruijsen H, Brown RA, Charlton MR, Smith TF,
et al. The pathogenesis of hepatitis C virus is inﬂuenced by cytomegalovirus.
Clin Infect Dis 2002;35:974–81.
19. Singh N, Husain S, Carrigan DR, Knox KK, Weck KE, Wagener MM, et al. Impact of
human herpesvirus-6 on the frequency and severity of recurrent hepatitis C
virus hepatitis in liver transplant recipients. Clin Transplant 2002;16:92–6.
A.C. Guardia et al. / International Journal of Infectious Diseases 16 (2012) e124–e129 e12920. Boeckh M, Nichols WG. Immunosuppressive effects of beta-herpesviruses.
Herpes 2003;10:12–6.
21. El-Serag HB, Anand B, Richardson P, Rabeneck L. Association between hepatitis
C infection and other infectious diseases: a case for targeted screening? Am J
Gastroenterol 2003;98:167–74.
22. Bedossa P, Poynard T. An algorithm for the grading of activity in chronic
hepatitis C. The METAVIR Cooperative Study Group. Hepatology 1996;24:
289–93.
23. Read AE, Donegan E, Lake J, Ferrell L, Galbraith C, Kuramoto IK, et al. Hepatitis C
in patients undergoing liver transplantation. Ann Intern Med 199;114:282–4.
24. Gayowski T, Singh N, Marino IR, Vargas H, Wagener M, Wannstedt C, et al.
Hepatitis C virus genotypes in liver transplant recipients: impact on post-
transplant recurrence, infections, response to interferon-alpha therapy and
outcome. Transplantation 1997;64:422–6.
25. Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheur PJ. Classication of chronic
hepatitis: diagnosis, grading and staging. Hepatology 1994;19:1513–20.
26. Shibata D, Martin WJ, Appleman MD, Causey DM, Leedom JM, Arnheim N.
Detection of cytomegalovirus DNA in peripheral blood of patients infected with
human immunodeﬁciency virus. J Infect Dis 1988;158:1185–92.
27. Demmler GJ, Buffone GJ, Schimbor CM, May RA. Detection of cytomegalovirus
in urine from newborns by using polymerase chain reaction DNA ampliﬁcation.
J Infect Dis 1988;158:1177–84.
28. Secchiero P, Carrigan DR, Asano Y, Benedetti L, Crowley RW, Komaroff AL, et al.
Detection of human herpesvirus 6 in plasma of children with primary infection
and immunosuppressed patients by polymerase chain reaction. J Infect Dis
1995;171:273–80.
29. Aquino VH, Figueiredo LT. Cytomegalovirus infection in renal transplant reci-
pients diagnosed by nested-PCR. Braz J Med Biol Res 2001;34:93–101.
30. Costa FA, Soki MN, Andrade PD, Bonon SH, Thomasini RL, Sampaio AM, et al.
Simultaneous monitoring of CMV and human herpesvirus 6 infections and
diseases in liver transplant patients: one-year follow-up. Clinics (Sao Paulo)
2011;66:949–53.
31. Milan A, Sampaio AM, Guardia AC, Pavan CR, Andrade PD, Bonon SH, et al.
Monitoring and detection of cytomegalovirus in liver transplant recipients.
Transplant Proc 2011;43:1360–1.
32. Abdel Massih RC, Razonable RR. Human herpesvirus 6 infections after liver
transplantation. World J Gastroenterol 2009;15:2561–9.
33. Thomasini RL, Sampaio AM, Bonon SH, Boin IF, Leonardi LS, Leonardi M, et al.
Detection and monitoring of human herpesvirus 7 in adult liver transplant
patients: impact on clinical course and association with cytomegalovirus.
Transplant Proc 2007;39:1537–9.
34. Krueger GR, Klueppenberg U, Hoffman A, Ablashi DV. Clinical correlates of
infection with human herpesvirus-6. In Vivo 1994;8:457–516.
35. Costa SC. Infecc¸a˜o por citomegalovirus (CMV); epidemiologia, diagno´stico e
tratamento. Rev Bras Clı´n Ter 1999;25:18–28.
36. De Bolle L, Naesens L, De Clercq E. Update on human herpesvirus 6 biology,
clinical features, and therapy. Clin Microbiol Rev 2005;18:217–45.
37. Boin ID, Boteon YL, Stucchi RS, Pereira MI, Portugal TC, Udo EY. Serological
proﬁle of pretransplantation liver patients. Transplant Proc 2010;42:491–3.38. Sebekova´ K, Feber J, Carpenter B, Shaw L, Karnauchow T, Diaz-Mitoma F, et al.
Tissue viral DNA is associated with chronic allograft nephropathy. Pediatr
Transplant 2005;9:598–603.
39. Ward KN, Leong HN, Nacheva EP, Howard J, Atkinson CE, Davies NW, et al.
Human herpesvirus 6 chromosomal integration in immunocompetent patients
results in high levels of viral DNA in blood, sera, and hair follicles. J Clin Microbiol
2006;44:1571–4.
40. Ha¨rma¨ M, Ho¨ckerstedt K, Krogerus L, Lautenschlager I. Pretransplant human
herpesvirus 6 infection of patients with acute liver failure is a risk factor for
posttransplant human herpesvirus 6 infection of the liver. Transplantation
2006;81:367–72.
41. Coates PJ, d’Ardenne AJ, Khan G, Kangro HO, Slavin G. Simpliﬁed procedures for
applying the polymerase chain reaction to routinely ﬁxed parafﬁn wax section.
J Clin Pathol 1991;44:115–8.
42. Greer CE, Lund JK, Manos MM. PCR ampliﬁcation from parafﬁn-embedded
tissues: recommendations on ﬁxatives for long-term storage and prospective
studies. PCR Methods Appl 1991;1:46–50.
43. Arthurs SK, Eid AJ, Pedersen RA, Kremers WK, Cosio FG, Patel R, et al. Delayed-
onset primary cytomegalovirus disease after liver transplantation. Liver Transpl
2007;13:1703–9.
44. Paya C, Humar A, Dominguez E, Washburn K, Blumberg E, Alexander B, et al.
Efﬁcacy and safety of valganciclovir vs. oral ganciclovir for prevention of
cytomegalovirus disease in solid organ transplant recipients. Am J Transplant
2004;4:611–20.
45. Fitzgerald JT, Gallay B, Taranto SE, McVicar JP, Troppmann C, Chen X, et al.
Pretransplant recipient cytomegalovirus seropositivity and hemodialysis are
associated with decreased renal allograft and patient survival. Transplantation
2004;77:1405–11.
46. Ha¨rma¨ M, Ho¨ckerstedt K, Lyytika¨inen O, Lautenschlager I. HHV-6 and HHV-7
antigenemia related to CMV infection after liver transplantation. J Med Virol
2006;78:800–5.
47. Razonable RR, Paya CV. Infections and allograft rejection—intertwined compli-
cations of organ transplantation. Swiss Med Wkly 2005;135:571–3.
48. Grifﬁths PD, Ait-Khaled M, Bearcroft CP, Clark DA, Quaglia A, Davies SE, et al. Human
herpesviruses 6 and 7 as potential pathogens after liver transplant: prospective
comparison with the effect of cytomegalovirus. J Med Virol 1999;59:496–501.
49. Wiesner RH, Sorrell M, Villamil F. Report of the ﬁrst International Liver
Transplantation Society expert panel consensus conference on liver transplan-
tation and hepatitis C. Liver Transpl 2003;9:1–9.
50. Rosen HR, Chou S, Corless CL, Gretch DR, Flora KD, Boudousquie A, et al.
Cytomegalovirus viremia: risk factor for allograft cirrhosis after liver trans-
plantation for hepatitis C. Transplantation 1997;64:721–6.
51. Humar A, Washburn K, Freeman R, Paya CV, Mouas H, Alecock E, et al. An
assessment of interactions between hepatitis C virus and herpesvirus reactiva-
tion in liver transplant recipients using molecular surveillance. Liver Transpl
2007;13:1422–7.
52. Lee SO, Brown RA, Razonable RR. Clinical signiﬁcance of pretransplant chro-
mosomally integrated human herpesvirus-6 in liver transplant recipients.
Transplantation 2011;92:224–9.
